Abstract-The structural transformations of oriented PVA fibers impregnated with potassium bisulfate dur ing their heat treatment in air to a temperature of 600°C were studied. The preliminary thermal stabilization of the impregnated fibers was conducted in air at 215°C for 1 h with maintenance of a high degree of orien tation of the fibers. The melting peak of the preliminarily thermally stabilized impregnated PVA fibers is com pletely suppressed during their subsequent heat treatment in air, and the yields of coke residue are 48 and 43% of the thermally stabilized fiber mass at 500 and 600°C, respectively.
INTRODUCTION
The precursors for the production of carbon fibers with high thermal stability and chemical inertness can be fibers of polymers with diverse chemical structures.
Comprehensive treatise [1] provides data on more than 20 types of carbon fiber precursors that have been studied and described to date.
For a number of reasons, the modern industrial production of carbon fibers predominantly uses PAN based fibers as precursors. However, the search for alternatives to PAN precursors is in fairly intense progress [1] and is primarily dedicated to solve envi ronmental problems and reduce the cost of production of carbon fibers.
In this respect, it is of interest to explore the possi bility of using PVA as a precursor for the production of carbon fibers.
In fact, PVA is a commercial scale, available poly mer; an industrial production of oriented PVA fibers has been adopted for it [2] . Although the carbon con tent in PVA (55%) is inferior to that in PAN (68%), PVA is attractive for obtaining a potentially high yield of coke residue after the pyrolysis of PVA fibers.
At the same time, the carbonization of PVA fibers is still poorly understood. In addition, a long known significant factor that complicates the carbonization of PVA fibers is their low thermal stability at Т > 250°С [3] . This requires the introduction of special stabiliz ing modifiers into the fibers to affect the thermal oxi dative destruction and structuring of PVA during its heat treatment.
Many compounds can be used as these modifiers; however, it is advantageous to choose those that, after introduction, can be completely removed from the system in the form of volatile products, such as nitro gen , phosphorus , and sulfur containing compounds [4, 5] .
To date, the action of phosphorus containing modifiers of the thermal oxidative stabilization of PVA fibers-phosphates and polyphosphates-has been studied the most [6, 7] ; however, their use was restricted to the problem of producing activated car bon fibers with a low strength, a developed specific surface area, and a pore system for sorbents and func tional carriers. The findings of the research into the production of high strength carbon fibers from PVA with the use of modifiers have not been described in the literature.
We have found that the impregnation of PVA fibers with a sulfur containing compound, potassium bisul fate (PBS), has a significant effect on the change in the structure of PVA fibers during their heat treatment at high temperatures in air relative to the change in the structure of unmodified fibers during such treatment.
The objective of this study is to systematically ana lyze the structural transformations of oriented PVA fibers impregnated with PBS during their heat treat ment in air up to 600°С to develop new approaches to production of high yield carbonized fibers with PVA fibers used as a precursor. Petkieva a, *, G. G. Alkhanishvili b , T. S. Kurkin b , A. N. Ozerin b , N. S. Perov b , and T 
EXPERIMENTAL
PVA fibers in the form of Kuralon 5508 1 commer cial filament yarn with a linear density of 110 tex (Kuraray Co.) and a content of 600 single filaments were studied.
Impregnation of Fibers
Impregnation of PVA with a 15% aqueous solution of PBS was conducted in a thermostated bath at 35°С for a specified time. After that, the impregnated PVA fibers were transferred to a bath with clean water and were washed free from excess salt sorbed on the fiber surface. The phase composition of the system was determined via X ray diffraction analysis. The treated fibers were dried on a reel in a vacuum oven at 50°С to a constant mass. The weight content of PBS in the modified PVA fiber after all treatments was 3.7%.
Selection of the Load for the Fibers during Heat Treatment
The heat treatment of oriented PVA fibers at high temperatures, especially in the vicinity of their melting point, is accompanied by fiber shrinkage and the dis orientation of macromolecules, which lead to a sharp deterioration of the physicomechanical characteristics of the material. Therefore, heat treatment must be conducted at a certain tensile stress applied to the fiber to prevent the disorientation of macromolecular chains.
To estimate the stresses in the PVA fiber during heat treatment, the force of contraction of the fibers during heating under isometric (constant length) conditions was measured. The measurements were performed in the heat chamber of a Shimadzu AGS 10 universal testing machine. Figure 1 shows the temperature dependence of the force of contraction of the fibers. On the basis of the data presented in this figure, the value of the load on the fibers was selected for different stages of heat treat ment.
Heat Treatment of Fibers
The heat treatment of modified PVA fibers was per formed in stages in air in a laboratory forced convec tion furnace. Heat treatment modes were switched with a temperature controller. The heat treatment conditions are specified in the table. Fiber segments with a length of 20 cm were fixed in a holder and sub jected to static loading, and the load weight was adjusted for each mode of heat treatment in order to exclude fiber breakage during the treatment.
Unmodified PVA fibers could be treated at a tem perature of no more than 230°С; after that, they broke under any applied load and subsequently underwent thermal destruction. Conditions of the heat treatment of modified PVA fibers in air 
